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with the ases of external s ace. Similarl~, little prog- 

time of Laplace of the total mass of the atmosphere. 
If the earth did not rotate and if the distribution of the 
atmosphere were adiabatic, it8 height would be limited 
to about 17 miles and the total mass would be a little 
more than one-millionth part of the entire mass of the 
earth. But the earth rotates and while the distribution 
near the surface of the oceans is approximately adiabatic 
it is probable that this law does not hold a t  any great 
height. Hence, if we suppose the mass distribution to 
be such as conceived b Laplace, the total mass must be 

then, are two capital roblems available for research by 

concerning the constitution of gases. 
Recent researches, and es ecially those of Bjerknes in 

tional treatment of the Tnet ic  properties of the atmos- 

ma has % een made towar B a determination since the 

much larger than the s ower limit just assigned. Here, 

aid of the more recent Y y acquired resources of knowledge 

his Dynamic Meteorolo , K ave gone far toward a ra- 

phere, and we may confident1 entertain the hope that 
rapid progkess will be practica l le in the near future. 

NOTE ON A MIRAGE AT SEA. 
, [Dated July 3,lQlQ.l 

Shi 's position [v. S. S. Rndnor] 40" 26' N., longitude 
64" If., apparent time of ship, 4 p. m. Light easterly 
winds, smooth sea, barometer 29.94 inches; my ersonal 
barometer, 30.00 inches; air, wet bulb, 59"; air, (% bulb, 
63"; temperature of sea at  surface, 53"; overcast with 
cuniulus clouds. Strong mirages noted all around. 
Four other ships were in sight at  bhe time. These vessels 
appeared a t  times to be steaming along at  the top of a 
hugh wall of ice; at  other times the bodies of the ship 
seemed to rise out of the water a t  least twice thew 
height. Horizon had all the appearance of a long, 
rugwed coast line.-M. S. Harloe, Lieut. Cmmnder, 
U. 3. N .  R. F. 

THE SUN'S INFLUENCE ON THE DIURNAL VARIATION OF THE ATMOSPHERIC POTENTIAL-GRADIENT.' 
By w. P. G .  SWANN. 

Professor uf Physire, Vniversity of JIiniiesota. 
[Dated Minneapolis, Minu., July 10,1919.1 

SmoPsIs.-The paper presents a view as to a p s d l l e  ongin of pnrt of 
the diurnsl variation of the atmospheric otential-mient. 

\-ariaus phenomena in cosmical physics fend support to the view that 
the lipper atmosphere is so highly conducting aa compared with the 
air near the earth's mrface that. for elertroatatir cr~nsideratioi~s. it may 
be looked 11 on as perfectly conducting. Thus, for example. we mav 
look u on a i  points on a sphere in the upper atmnsphere, runrentrh 
with t l e  earth. a- being at the same potential. 

If the conductivity of the atmos here depended only lipon the 
altitude, and were independent of t i e  poaition on the earth's eurface 
with reapect to the sun, the suriares 01 equal conductivity w d d  he 
spheres conrentric with the earth, and the conduckion current-den&y 
and yotential-gradient would he independent of the pxitinn on the 
earth s surface. If the sun emits an ioniziw radiation. however, we 
may expect, the surfaces of equal conductiv&v to be dented inward 
toward the earth when the sun is at the zenith.' Thus. the total resist- 
ance of a column of air of unit cross section, extending from the earth'q 
surface to a given altitude in the upper atmosphere. nmuld he lea& 
when the sun was a t  the zenith. It would remilt that the atinnppheric 
conduction current-densitv would be greatest when the Piin was at tlic 
zenith: and, if the conductkty of the air at the surface nC the rrtrtli were 
the same a t  all places. we should lave a higher potential-arxdient nn 
the sunlit portinns of the earth than on those remalte froni t h ~  Run. 

The idem contained in the alinve outline are illustrated in the second 
portion of the paper by an example whirl1 i s  worked out niathemnt- 
ically. The beanng of these conaderativns upon the effect of an eclipse 
on the potentialyadient is alm discoseed. 

Various phenomena in cosmical physics lend sup ort 
to the view that the upper atmosphere is hi hly con dp uct- 
ing as compared with the air near the eart fl . Thus, for 
example, Schuster has developed a theory of the diurnal 
variations of terrestrial magnetism which invokes, 
among its requiremenfs, a conductivity about 3 x 1 0 "  
timea as great as that at  the earth's surface. Such a 
value appears b no means unreasonable when viewed in 
the light of our % eliefs as to the processes a t  work in the 
u & atmosphere. The sun's ultra-violet light alone, 

order of magnitude required by Schuster's theory is 
able, as the writer has shown,l to account for a magnitude 
one thousandth of this amount, i. e., a conductivity so 
high that a column of air extending one-fourth of the 
way around the earth in the up er atmosphere would 
offer DO more resistance than wou P d a column of surface 
air of equal cross section, but only 3 cms. long. 

a Pi t ough insufEcient to account for a conductivity of the 

1 Read before the May meetln of the Mathematical Association of America. * Tm. ling., v. 21, pp. 1-8, d 6 .  

If the upper atmosphere has a conductivity approxi- 
mating even to that which the ultra-violet light is capable 
of accounting for in the sunlit regions, it may, for most 
electrostatic purposes, be considered as a perfect con- 
ductor. 

If two concentric s heres be maintained a t  a difference 

oints of the sur- 
the distance 

of otentinl, the fie1 B at the surface of the inner sphere 
wil Y , from symmetry, be the same a t  
face. If a dent be made in the outer 

potential- radieiit should be higher in the former case 
than in t !i e latter. Here, then, would be an influence 
playin a part in the determination of the diurnal varia- 
tion o the potential- adient, and of such a type as to 
predict a masimum o the potential-gradient by day and 
a minimum by night. 

On a view of this kind the air-earth conduction current- 
density a t  the earth's surface should go through XL diurnal 
variation of the same kind as the potential- radient, 
unless the surface conductivity also varies thro %out the 

general rule, the conductivity at the earth's surface varies 
in the opposite sense to the potential-gradient, and in 
such a way as to maintain the product of the two (the 
air-earth currentrdensity) more nearly independent ,of the 
time of day than either of its constituent factors. The 
general nature of the henomena is.such .as to suggest 

fl. f 

day. Actual observations bring out the fact 5 t at, a? a , 

that the quantity fun a anientally determined is the air- 


